Particle acceleration in electron-ion jets 
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Abstract. Weibel instability created in collisionless shocks is responsible for particle (electron, 
J> ' positron, and ion) acceleration. Using a 3-D relativistic electromagnetic particle (REMP) code, we 

CO , have investigated particle acceleration associated with a relativistic electron-ion jet fronts propagat- 

■ ing into an ambient plasma without initial magnetic fields with a longer simulation system in order 

to investigate nonlinear stage of the Weibel instability and its acceleration mechanism. The current 
channels generated by the Weibel instability induce the radial electric fields. The z component of 
the Poynting vector (E x B) become positive in the large region along the jet propagation direction. 
\ This leads to the acceleration of jet electrons along the jet. In particular the E y.B drift with the large 

■"-^ . scale current channel generated by the ion Weibel instability accelerate electrons effectively in both 

1-^^' parallel and perpendicular directions. 

o 

S : SIMULATION RESULTS 

Recent PIC simulations using injected relativistic electron-ion jets show that accelera- 
^ . tion occurs within the downstream jet, rather than by the scattering of particles back and 

^ \ forth across the shock as in Fermi acceleration [1-5, 8]. 

In this report we present new simulation results of particle acceleration and magnetic 
field generation for relativistic jet shocks using 3-D relativistic electromagnetic particle- 
in-cell (REMP) simulations. Our new simulations with further diagnostics has revealed 
the mechanism of particle acceleration with the Weibel instability. 

In the collisionless shock generated behind the head of the relativistic jet the Weibel 
instability is excited in the downstream region. The instability generates current fil- 
aments elongated along the streaming direction and associated transverse loop mag- 
netic fields. These current channels generate the induced radial electric fields which are 
mainly perpendicular to the loop transverse magnetic fields. Since the Weibel instability 
is convective, the the current channels propagate with the jets. The E x B also propagate 
with the jet. Some particles are trapped and accelerated. 

Figure 1 (left) shows the z component of E x B with the x and y components of 
magnetic field (by the arrows) generated by the ion Weibel instability in the x — y plane 



at z/A = 430 for the electron-ion jet injected into an unmagnetized ambient electron- 
ion plasma att = 59.8/(Upe. At the region with large positive z component electrons are 
accelerated along the jet propagation direction. Consequently, at the front part of jet (one 
third) electrons are accelerated more than lOyv as shown in the left panel [6]. 




FIGURE 1. Left and right panels show the z component of E x B at z/A = 430 and velocity distributions 
of jet electrons (One third of jet electrons in the front region is plotted by red curves and on third of rear 
part of jet is plotted by blue curves) at f = 59.8 /Ope, respectively. Jet electrons are binned as a function of 
TV, where 7= (1 - (vx + Vy + v'^)/c^)"'/^. 

The z component of E x B becomes mainly positive on z — x plane (not shown). 
This component accelerate jet electrons effectively as also shown in Fig. la in [2]. 
Certainly, the negative component decelerate particles. This E x B drift acceleration 
leads to sufficient acceleration in parallel and perpendicular directions. 

We have also performed simulations with widely distributed Lorentz factor of jet 
electrons and positrons which are assumed to be created by the photon annihilation [7]. 
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